Acetylcholine is the neurotransmitter responsible for the transmission of impulses from cholinergic neurons to cells of innervated tissues. Its biosynthesis is catalyzed by the enzyme Choline acetyltransferase that is considered to be a phenotypically specific marker for cholinergic system. It is well known that the regulation of Choline acetyltransferase activity under physiological and pathological conditions is important for development and neuronal activities of cholinergic functions. We observed the distribution of Choline acetyltransferase in sections from the normal and denervated main electric organ sections of Electrophorus electricus (L.) by immunofluorescence using a anti-Choline acetyltransferase antibody. The animals were submitted to a surgical procedure to remove about 20 nerves and after 30 and 60 days, they were sacrificed. After 30 days, the results from immunohistochemistry demonstrated an increase on the Choline acetyltransferase distribution at denervated tissue sections when compared with the sections from the normal contralateral organ. A very similar labeling was observed between normal and denervated tissue sections of the animals after 60 days. However, Choline acetyltransferase activity (nmolesACh/ min/ mg of protein) in extracts obtained from electrocyte microsomal preparation, estimated by Fonnun's method (Fonnun 1975), was 70% lower in the denervated extracts.
INTRODUCTION
Choline acetyltransferase (ChAT; EC 2.3.1.6) is the enzyme responsible for the biosynthesis of the neurotransmitter acetylcholine (ACh) which was described by Nachmansohn and Machado in 1943. Many authors have pointed out that choline acetyl-transferase is directly related to many types of neurological disorders such as Alzheimer disease, myasthenia gravis, multiple sclerosis, and Huntington's disease (Rossier 1977 , Molenaar et al. 1981 , Kato 1989 . Thereafter, either purification as the study of the role of this enzyme in biological models has been object of considerable attention (Hersh & Wu 1994 , Rand et al. 1994 , Salvaterra et al. 1995 .
The electrogenic tissue from E. electricus (L.) is densely innervated with pure cholinergic nerve endings and differentiated histophysiologically in three electric organs: main, Hunter and Sachs (Couceiro & Ackerman 1948 , Esquibel et al. 1971 . The electrocyte is the functional unit of the electric tissue (Schwartz et al. 1975 ) which, in turn, is essentially formed by a non innervated (anterior) and an innervated (posterior) face with numerous synapses, myelin fibers, and it is also rich in acetylcholine receptor molecules (Chagas et al. 1957 , Couceiro & Ackerman 1948 , Couceiro et al. 1953 .
Previous studies carried out by Esquibel et al. (1971) have demonstrated the structural organization of the electric organ from newborn E. electricus (L.) by using both optical and electron microscopy, resulting in the observation of myofibril-like structures in the cytoplasm of the developing electrocyte. However, in elder E. electricus (L.) these structures were not observed (Machado et al. 1976 ). An analogy between the electric organ and striated muscles has also been carried out since the electric organ presents important proteins of the energetic metabolism, found in muscle, such as creatine phosphokinase (Hazan-Carneiro & Hassón-Voloch 1983) , lactate dehydrogenase (Torres Da Matta et al. 1975) as well as cytoskeletal proteins like myosin and desmin (Costa et al. 1986 (Costa et al. , 1988 .
Acetylcholine was the first neurotransmitter described (Loewi 1921) and plays a central role in fundamental processes as learning, memory, sleep (Bartus & Beer 1982 , Aigner & Mishkin 1986 ) and muscle contraction in mammals. The electric organ has cholinergic neurons that innervate electrocytes growing from myotubes and have about 1,000 fold ACh receptors than muscle cells (Whittaker 1987 ). Recently, we described that most of ChAT found in the electrocyte is mainly present as cytosolic protein with two isoforms (Nunes-Tavares & HassonVoloch 1998) . Earlier studies showed that denervation of the main electric organ from E. electricus (L.) produced increases on RNA contents, RNA/DNA and RNA/protein ratio, which were observed by histochemistry studies, and aminoacid incorporation, although the total protein did not showed significant alteration (Falcato-Ribeiro & Chagas 1975 , FalcatoRibeiro et al. 1977 . Denervation is a technique that can be used when we aim to study the interaction between muscles and nerves. After denervation, the electric organ shows a late and slow atrophy which allows the study of nerve control upon its structure (Martins-Ferreira & Couceiro 1951) . Histochemical and biochemical studies of denervated electrocytes, after 30 and 60 days, showed the disappearance of myelin sheath as well as the increase on the activity of some important enzymes of the energetic metabolism (Falcato-Ribeiro et al. 1977 , 1980 , Torres DaMatta et al. 1985 . Other studies concerning neurodegenerative diseases, as Alzheimer and Parkinson, has demonstrated that the vesicular acetylcholine transporter (VAChT), and the high-affinity choline transporter (HAChT), may remain unchanged or, in some circumstances, increase in cortex and hippocampus over the control (Ruberg et al. 1990 , Kuhl et al. 1996 . Lesion paradigms in animals have been used to directly study the effects of the loss of cholinergic input and the response of cholinergic neurons to injury.
The present study describes the histochemical investigation of choline acetyltransferase (ChAT) distribution in normal and denervated electric organ by immunofluorescence under confocal microscopy (CSLM).
MATERIAL AND METHODS
Electrophorus electricus (L.). were provided to us by " Museu Emílio Goeldi, Belém do Pará -Brasil" and kept in an aquarium with fresh filtered water.
Immunochemicals
The Anti-ChAT polyclonal antibody to Human placental (AB143) enzyme was purchased from Chemicon Co (USA) and anti rabbit IgG (H+L) -FITC conjugated was obtained from GIBCO (USA); [ 3 H ]AcCoA (4.0Ci/mmol) from Amersham (England); AcCoA from Sigma Chemical Co (USA). All other chemicals were of analytical grade.
Denervation of the Electric Organ
An. Acad. Bras. Ci., (2000) 72 (3) An animal (0.8 − 1 m long) was anesthetized in ice-cold water containing 2.0% urethane, and submitted to a surgical denervation as previously described (Nesralla-Lobão et al. 1980) . Briefly, this procedure consists of a longitudinal incision on the dorsolateral anterior part of the fish by sectioning of the nerves (about 20 nerves) that innervate the electric organ coming from the spinal cord. During the surgery, the fish was maintained on artificial breathing and preserving the metabolic activities. After 30 and 60 days, the eels were anesthetized and then killed by decapitation. Both denervated and contralateral normal main organs were immediately removed.
Choline Acetyltransferase Immunohistochemistry
Fragments of the main electric organ (normal and denervated) were prepared for immunohistochemistry. They were incubated for 1 hour in a fixative solution containing 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4 (PB), and then in 0.1 M phosphate buffer, with 0.015 M NaCl (PBS), containing 20% sucrose, for 2 hours, and finally, in 30% sucrose PBS solution overnight. Sections of 10µm thickness were obtained after cutting the tissue fragments on a freezing ultramicrotome (Ultracut Reichert). The sections were preincubated with 50 mM NH 4 Cl, for 1 h, washed with PBS-T (PBS plus 0.2% Tween −20), and subsequently incubated with: a polyclonal anti-ChAT (1:500 dilution) overnight at 40 • C, washed with PBS-T plus 10% normal goat serum, and with a FITC-labeled goat anti-rabbit IgG (1:20 dilution) for 2 hours at room temperature. The specimens were then mounted onto slides. Controls were made omitting the primary antiserum for each experiment. Normal and denervated sections were examined in a Zeiss 310 Confocal Laser Scanning Microscope (CSLM), by using a 488 argon laser. All images were obtained under the same conditions of brightness and contrast and uniformly processed using Adobe PhotoShop.
Protein Assay
Protein concentration was determined by the Folinphenol method of Lowry et al. (1951) using bovine serum albumin as a standard.
Enzyme Assay
The total extracts and supernatants used in enzymatic assays were obtained by the method of Somló et al. (1977) modified. Using the radiochemical method of Fonnun (1975) , with [3H] AcCoA as substrate, we performed the assay for choline acetyltransferase activity. The substrate medium was as follows: 64 mM sodium phosphate buffer, pH 7.6; 384 mM NaCl; 10mM choline chloride; 25 mM NaEDTA; 10 mM eserine sulfate and 12µMAcCoA. To the assay tube containing 10µl of substrate mixture, 20µl [ 3 H ] AcCoA (0.1µCi) was added plus 20µg of protein, at intervals of 30 seconds, at 37 • C, for 15 minutes. The reaction was stopped by addition of 50 mM NaEDTA plus 2 ml of Kalignost solution (5mg/ml tetraphenylborate in acetonitrile). The synthesis of [ 3 H ] ACh was measured in a liquid scintillation Packard apparatus (Model 1600 TR), and the activity is expressed as nmoles ACh formed per minute per mg of protein. Each assay was made in triplicate.
RESULTS
The presence of choline acetyltransferase (ChAT) was observed by immunofluorescence in the cytoplasm of the electrocyte from electric organ of E. electricus (L.) either in normal (Figs. 1a, b and 2a, b) as denervated tissues sections (Figs. 1c,d and 2c,d ). As shown in Figures 1a,c and 2a ,c the ChAT distribution is mainly cytoplasmic since we hardly observe the ChAT bound to membrane. The reactivities for ChAT in both sections of normal and denervated tissues resulted in fluorescence different patterns after 30 days. Controls concerning incubation only with the second antibody showed no labeling (data not shown). In Figures 1d and 2d , is showing a morphological disorganization of the tissue after denervation when compared with normal tissue (Fig. 1b and 2b) . The histochemical distribution of ChAT seems to be highly increased on the cytoplasm of denervated electric tissue section of 30 days (Fig.1c) , when compared with the normal (Fig.  1a) . 60 days after denervation, the ChAT distribution showed almost the same pattern in both normal and denervated tissue sections (Figs 2a, c) .
Biochemical analysis was performed as an attempt to estimate the enzymatic activity on the total extracts from main electric organ, and the supernatants of microsomal fractions (Table I ). The specific activity of ChAT obtained from the electric organ total extracts as well from the supernatants ranged from 3.80 to 4.50 nmoles ACh/ min/ mg of protein after 30 days. In animals of 60 days after denervation the ChAT activity showed a decrease from 0,40 to 0,38 nmoles ACh/ min/ mg of protein, respectively. After denervation these values were of 70% lower, on both denervated whole organ homogenate and the resulting supernatant.
DISCUSSION
The study of choline acetyltransferase is of particular interest due to its importance on the cholinergic system (Waser et al. 1989) , and also because its deficiency has been correlated with many physiopathological diseases (Kato 1989 , Wurtman et al. 1990 ). The enzyme has been studied with differ- Levey et al. 1998 ). In the last years most of the studies on ChAT have been improved, mainly those focusing molecular biology aspects, in mammals (Berrard et al. 1987 , Toussaint et al. 1992 , Shimojo et al. 1998 . Some studies carried out in fishes by using anti-ChAT antibodies have brought detailed information on the cholinergic system (Zottoli et al. 1987 , Brantley & Bass 1988 . Although catalytic activity ascribed to this enzyme has been observed in non-neural tissues, including placenta (Hersh & Peet 1978) , spermatozoa (Bishop et al. 1976 ), plants (Barlow & Dixon 1973 ) and bacteria (White & Cavallito 1970) , its functional significance in such tissues is unknown. As ChAT appears to be present in the cholinergic neuron, it has generally been accepted that the enzyme does not represent the rate-limiting step for ACh biosynthesis. The detection of choline acetyltransferase by antibody is very specific as recently described by Nunes-Tavares and Hassón-Voloch (1998) who observed through western blotting analysis a single band with ChAT purified from electric organ. During the past 10 years, research efforts have focused on the regulatory control of this enzyme. The main characteristic of ChAT regulation is centered on the temporal and spatial control of transcription (Hersh & Wu 1994) . The content of ACh in tissues with cholinergic innervation is very stable. If the release of ACh is augmented as a consequence of increased functional activity of mammalian cholinergic neurons, the ACh is replaced almost immediately by new synthesis (MacIntosh & Collier 1976 , Tucek 1982 . However, the resynthesis is slower in piscine electric organ (Dunant et al. 1974 (Dunant et al. , 1977 . The denervation of the electric organ from Electrophorus electricus (L.) demonstrated a differential distribution, either qualitatively as quantitatively, of choline acetyltransferase when compared with the normal organ, which in turn may have been caused by the loss of electrogenic stimulus in the tissue, as demonstrated in striated muscles from mammals (Lebherz 1984) . Generally, a structural degeneration occurs, and the resynthesis of enzymes that are involved in specific tasks increases (Falcato-Ribeiro et al. 1980) . Other authors demonstrated a heterologous expression for ChAT in fishes and other species (Falcato-Ribeiro et al. 1980 , Gundersen et al. 1985 , Berrard et al. 1986 , 1987 , McCaman et al. 1988 , Brice et al. 1989 . This mechanism of increase in the enzyme synthesis can be observed in the denervated organ sections: during the disorganization process that is provoked by denervation the molecular structure may be affected, but some epitopes are maintained, and could be even more exposed and in this way the immunofluorescence is markedly stronger. However, after 60 days of denervation there is a significant similarity of labeling between the normal and denervated tissues showing recovery of metabolism; other authors have also observed this feature for other important enzymes of the metabolic pathway (Falcato-Ribeiro et al. 1980 , Torres-DaMatta et al. 1985 , HazanCarneiro & Hassón-Voloch 1983 . We have also compared the enzymatic activity of ChAT with its immunohistochemical staining. Biochemical alterations produced by denervation were observed on total electric organ extracts and supernatants from microsomal membrane preparations. The comparative analysis between normal and denervated organ sections demonstrated that changes due to denervation might increase ChAT mRNA level in 30 days. Likewise, the immunohistochemistry assay here used showed that the spatial distribution of the enzyme molecules is maintained. Our results strongly suggest that many cholinergic neurons survive the injury intact but shrink as recently described by Naumann et al. (1994) . Studies made by Falcato-Ribeiro and Chagas Filho (1975) on denervated muscles showed modifications in the protein profiles. Our results reinforce the idea of alterations caused by denervation on the binding between ChAT antigen and antibody used. The observed increase of binding capacity in denervated tissue sections of 30 days and its recovery after 60 days could possibly be explained as a result of an alteration of electroplate structure, evoked by the a long absence of stimulation by the nerve, which is reflected in the protein synthesis. The paradigm observed after denervation, i.e., an increase of expression of choline acetyltransferase after 30 days of denervation accompanied by a decrease of activity, and the similarity of labeling between the tissues sections (normal and denervated) after 60 days, are probably easier to identify in the electric tissue due to the slow process of atrophy following the lesion. It is possible that these changes probably represent a readjustment to maintain the basic conditions of performance of the denervated electric organ.
ABBREVIATIONS
ChAT = Choline acetyltransferase; ACh = Acetylcholine; NaEDTA = Tetrasodium ethylene-diaminetetraacetate; PB = Phosphate-buffer; PBS = Phosphate-buffered saline; PBS-T = Phosphate-buffered saline plus Tween-20; NaCl = Sodium Chloride; AcCoA = Acetyl coenzyme A. 
